Optical properties of frozen-ground and intact soft tissues obtained from spectrophotometer measurements of reflectance and transmittance were compared. The tissues used in these experiments were: calf aorta, rat jejunum, and rabbit sciatic nerve. Each tissue spedmen was frozen in liquid nitrogen and then ground with pestle and mortar into a fine powder. A tissue paste formed once the powder returned to room temperature. The tissue paste was then sandwiched between glass slides for spectrophotometric measurements. For comparison, the optical properties of the intact tissues were also measured. Total transmission and diffuse reflection were obtained on a Varian Cary 5 Spectrophotometer (400 run -850 rim). Absorption and reduced scattering coefficients of the tissues were determined with the Inverse Adding Doubling Method. Our results suggested that optical properties of soft tissue can be estimated from that of the ground tissue in the visible range.
INTRODUCTION
Tissue optical properties are important parameters for prescribing light dosimetry in laser medicine. Optical properties are usually obtained by placing a tissue specimen on the port of an integrating sphere in a spectrophotometer and recording reflectance and transmittance of the specimen". From these measurements, absorption and reduced scattering coefficients can be calculated using an Adding Doubling Model3. One important criterion for obtaining accurate data is that the specimen must fill the sample port of the integrating sphere which usually has diameter greater than 1 cm. Often, tissue samples are not sufficiently large to permit integrating sphere measurements. Homogenized tissue paste has been used for added absorber experiments4 and for goniometry measurements5. However, the feasibility of using a tissue paste for determining the absorption and scattering coefficients from integrating sphere measurements of reflectance and transmittance has not been examined. In this study, we investigated the feasibility of obtaining the optical properties from ground tissue.
METRODS

. Tissue Paste Preparation
The following protocol was used to produce ground tissue. Tissue was harvested and stored in gauze soaked with cold phosphate buffer saline (PBS). The tissue was cleaned and trimmed to obtain a homogenous specimen. A tissue specimen was cut into two pieces; one piece was reserved as the intact control sample, while the other piece was put into a mortar. Liquid nitrogen (LN2) was slowly poured into the mortar until it covered the tissue. As the LN2 slowly boiled away, the tissue became brittle. LN2 was poured until it covered the tissue for the second time. After the LN2 had boiled away, the tissue was gently broken into smaller pieces with a pestle. LN2 was added again and the tissue was ground with the pestle until it turned into a fine powder. LN2 was added as necessary to keep the tissue pieces brittle for easy grinding. The resulting tissue powder (individual powder diameter less than 500 pm) was placed onto a dean glass slide. The powder began to thaw when it touched the glass slide and a tissue paste was formed. The paste was spread evenly over the glass slide. A cover slide was placed over the paste to avoid trapped air bubbles, and the slides were taped together.
The intact control sample was mounted on another set of glass slides. All slides were kept in cold gauze that was soaked with PBS until reflectance and transmittance were measured with the spectrophotometer.
Tissue Selection
Both intact and paste specimens of rat jejunum and calf aorta were used in the spectrophotometer measurement. Moreover, two of the intact rat jejunum specimens were measured after they were thawed from LN2 freezing. Since rabbit sciatic nerves were too small to fill the integrating sphere port, only the tissue paste was used in the measurement. To test whether the paste specimen can be a mixture of tissue obtained from different donors, two rabbit sciatic nerve paste specimens were prepared with nerves prepared from two different animals.
Before spectrophotometer measurement, thickness of each specimen was measured with a pair of calipers. The thickness of each tissue sample is listed in Table 1 
Spectrophotometric Measurements
Total transmission and total reflection were measured on a Varian model Cary 5 spectrophotometer equipped with an integrating sphere. The spectral range was 400 nm to 850 nm. The diameter of the integrating port was about 1.5 cm. The absorption coefficient, Pa' and the reduced scattering coefficient, '= .t(l-g), were calculated with an Inverse Adding Doubling software'.
RESULTS
Figures 1-8 show the measured reflectance and transmittance; the computed optical properties obtained from specimens of calf aorta, rat jejunum, and rabbit sciatic nerve. For calf aorta and rat jejunum, the differences in the absorption and the reduced scattering coefficients between intact and paste specimens are depicted in Figures 9-15. 
DISCUSSIONS
The goal of this project is to test the feasibility of estimating biological tissue optical properties from those of ground tissue. if feasible, this method can be applied when the tissue of interest is too small or too irthomogeneous for conventional integrating sphere spectrophotometric measurements. Our results have suggested that the optical properties obtained from the paste specimens approximate values determined from the intact tissues. Nonetheless, this method is not a substitute for the conventional protocol of obtaining optical properties from intact tissues.
The effects of cryopreservation on the human aorta optical properties have been studied by cilesiz and Welch7. Their results suggest that freezing introduces a significant decrease in the absorption coefficient from 300 nm to 800 nm. In our study, the greatest difference between the intact and the paste specimens occurs specifically at about 420 rim. The large difference is undoubtedly due to large value of absorption associated with the blood absorption.
Trace amounts of blood were present in most of the specimens. The ground calf aorta and rabbit sciatic nerve specimens seemed to have a higher oxyhemoglobin content. This is depicted by the local absorption peaks at about 420 nm, 540 nm and 577 rim of the oxyhemoglobin8. On the other hand, the amount of oxygen level in the intact tissue was lower, as illustrated by the red shift of the 420 nn-i oxyhemoglobin peak and the local absorption maximum at 555 nm of the deoxyhemoglobin trapped inside the specimen vasculature. (See Figures 1-4 , and 8) This increase in the oxygen level of paste specimens is believed to have contributed by the grinding process. Oxidation occurred when hemoglobin was exposed to air during grinding. This may provide a closer approximation to tissue in vivo which contains oxygenated blood.
Another factor that may affect measurement is sample thickness. Four sets of specimens were used to study the effect of tissue paste thickness on the optical properties approximation. The data from three out of four sets suggest that thick paste specimens (approaching intact tissue thickness) better approximate intact tissue.
On the other hand, our results also suggest that a heterogeneous/multilayer tissue could be approximated from the homogenized tissue for spectrophotmetric measurements. This is illustrated by the striking similarity between the optical properties of the multilayer intact jejunum and of the paste specimens (Figures 5-7 ).
Even though great care was taken when putting a cover slide on the paste, there were still some trapped air bubbles present in the slides. These trapped air bubbles can be seen in Figure 16 , a micrograph taken from a sample of rat jejunum paste between glass slides enlarged at 25x (original magnification). These trapped air bubbles may affect the optical properties approximation. The air bubbles had occupied a small fraction of the tissue paste volume between the glass slides. This may have caused an increase in total transmittance, especially in thin tissue paste specimens where the air bubbles may go through the paste. The effect on the reflectance is not certain. The air bubbles may increase the specular reflectance due to a higher index mismatch. On the other hand, the diffuse reflectance may be reduced since the air bubbles had displaced a small amount of the tissue paste volume.
From the rabbit nerve specimens, the optical properties obtained from paste of a single donor are compatible with those of two donors. This may imply that a single tissue type obtained from multiple donors can be ground together to provide sufficient tissue paste for the measurements.
The spectral range that was studied in these experiments covered the visible and part of the NIR region. However, the agreement does not apply beyond this wavelength range. In fact this method may give inaccurate results in the JR range due to water absorption since the water content of ground tissue and of intact tissue may be different. First, ground tissue has a structure that has been altered from breaking of the cells and the cellular matrix by freezing and grinding. This may give rise to the alteration of both the intra-and inter-cellular water distributions. Furthermore, as the frozen tissue powder thaws, it also condenses atmospheric moisture. Due to this increase in the moisture level of the paste specimen, the absorption property is expected to be higher than that of intact tissues in the IR range.
CONCLUSIONS
The feasibility of estimating tissue optical properties from those of the ground tissue has been investigated. We have compared the optical properties obtained from intact and ground rat jejunum and calf aorta. Close correlation exists between their optical properties in the visible and the NW wavelengths.
However, freezing and grinding does modify the oxygen content of hemoglobin level in the tissues. Our results suggest that optical properties of soft tissue can be estimated from that of ground soft tissue in the visible range. .. .. 
